INTRODUCTION
============

Pulmonary function tests constitute an important tool for evaluating lung disease and dyspnea. Chronic respiratory diseases remain underdiagnosed. In a study conducted in Canada, only 32% of patients with COPD had previously been diagnosed with the disease. In a large epidemiological study conducted in the United States, 15% of adults over 45 years of age were found to have undiagnosed airflow obstruction.[@B1] ^-^ [@B3]

In clinical practice, patients suspected of having coronary artery disease (CAD) commonly undergo extensive and expensive testing. Although coexistence of CAD and respiratory disease is common, pulmonary function tests are not commonly performed in heart disease patients. Spirometry is performed in less than 30% of patients examined for dyspnea by a cardiologist.[@B4]

The use of spirometry in primary care doubles the diagnosis of respiratory disorders, spirometry being safe and accurate for early diagnosis.[@B5] ^,^ [@B6] ^)^ Although spirometry is simple, inexpensive, and highly accurate for detecting lung disease, the possibility of false positives has led a US task force to recommend against the use of spirometry to screen adults for COPD.[@B7] However, there is recent evidence that the use of spirometry to screen high-risk patients reduces false positives; in addition, new treatment options for patients with COPD have been shown to be effective in changing the natural history of the disease, reinforcing the importance of early diagnosis.[@B8] ^-^ [@B10]

Spirometry can aid in assessing cardiovascular risk. A reduction in percent predicted FEV~1~ is a risk factor for cardiovascular mortality independent of traditional risk factors, such as hypertension, dyslipidemia, and smoking. Population-based studies and a systematic review including over 80,000 patients showed that reduced FEV~1~ is a predictor of mortality.[@B11] ^-^ [@B14]

Patients with risk factors for cardiovascular disease, such as smoking and a sedentary lifestyle, are at an increased risk of lung disease and might benefit from spirometry. Many such patients undergo cardiac CT for the detection of CAD.

Cardiac CT is an accurate method for diagnosing CAD. In addition to providing anatomic evaluation, cardiac CT has prognostic implications even in asymptomatic individuals, assisting in predicting cardiovascular events. The coronary artery calcium (CAC) score objectively quantifies CAC and constitutes a method for estimating the risk of cardiovascular events.[@B15] ^,^ [@B16]

Given the frequent association between COPD and CAD,[@B14] the increased cardiovascular mortality risk associated with reduced FEV~1~, and the fact that pulmonary disease is underdiagnosed, it is likely that many patients undergoing CAD workup have reduced lung function.

Despite being commonly encountered in clinical practice, patients suspected of having CAD but without an established diagnosis of the disease have been the focus of few epidemiological studies. Therefore, the objective of the present study was to determine the prevalence of impaired lung function in this population. A secondary objective was to determine patient characteristics commonly associated with spirometric abnormalities, in order to define a group of patients who might benefit the most from spirometry.

METHODS
=======

This was a cross-sectional study conducted at a tertiary cardiac hospital. Patients over 40 years of age referred for cardiac CT were screened. Those with previously diagnosed CAD, prior myocardial infarction, a history of revascularization, class III or IV angina pectoris,[@B17] cognitive impairment precluding spirometry, or decompensated heart failure were excluded.[@B18] The study protocol was approved by the University of São Paulo School of Medicine *Hospital das Clínicas* Research Ethics Committee (Protocol no. 0503/11), located in the city of São Paulo, Brazil, and all participants gave written informed consent.

All screened patients completed a questionnaire assessing demographics, symptoms, smoking status, comorbidities, history of pulmonary disease, and medication use. Dyspnea was quantified by the modified Medical Research Council scale.[@B19] Waist circumference, hip circumference, and waist-to-hip ratio were measured. Metabolic syndrome was determined on the basis of established criteria.[@B20]

Cardiac CT was performed with a 64-row CT scanner (Aquilion 64; Toshiba Medical Systems Corporation, Otawara, Japan). The images were analyzed by institutional radiologists blinded to the spirometry results. CAC was quantified by a radiologist using the Agatston method. The Duke CAD severity index was then calculated on the basis of the degree and location of stenosis. Although the Duke CAD severity index was originally developed for coronary angiography, it has been shown to correlate well with coronary CT angiography.[@B21] ^,^ [@B22]

All spirometric tests were performed with a KoKo^®^ PFT spirometer (nSpire Health, Inc., Longmont, CO, USA). Spirometry was performed in accordance with the American Thoracic Society/European Respiratory Society criteria.[@B23] All spirometric variables were expressed as absolute values and as a percentage of the predicted values for the Brazilian population.[@B24] Participants were divided into two groups on the basis of post-bronchodilator spirometry results: normal lung function, comprising patients with post-bronchodilator FVC, FEV~1~, and FEV~1~/FVC above the lower limit of normal; and abnormal lung function, comprising patients with post-bronchodilator FVC, FEV~1~, or FEV~1~/FVC below the lower limit of normal. The patients who presented with abnormal lung function were subdivided into two groups on the basis of their functional impairment: persistent obstructive lung disease, comprising patients with post-bronchodilator FEV~1~/FVC below the lower limit of normal; and preserved ratio impaired spirometry (PRISm), comprising patients with post-bronchodilator FVC below the lower limit of normal and normal FEV~1~/FVC.[@B25]

The degree of lung function impairment was determined on the basis of the Brazilian Thoracic Association guidelines for pulmonary function testing.[@B26] Although the Global Initiative for Chronic Obstructive Lung Disease guidelines define airway obstruction as an FEV~1~/FVC ratio of \< 0.70, a decision was made to use an FEV~1~/FVC ratio below the lower limit of normal in the present study in order to avoid overdiagnosis of obstructive lung disease in the elderly.[@B27]

Statistical analysis was performed with PASW Statistics for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). The probability of a type I error was set at 0.05.

The prevalence of spirometric abnormalities was calculated by dividing the number of individuals in the abnormal lung function, persistent obstructive lung disease, and PRISm groups by the total study population. The prevalence of spirometric abnormalities was also calculated for the following subgroups of patients: smokers (current and former), patients with metabolic syndrome, elderly patients, and patients with obstructive coronary lesions.

The normal lung function group was compared with the abnormal lung function group in terms of anthropometric characteristics, smoking status, pulmonary disease, pulmonary symptoms, abdominal circumference, hip circumference, waist-to-hip ratio, spirometric variables, the CAC score, and the Duke CAD severity index. Categorical variables were compared by using the chi-square test. Parametric variables were compared by using the Student's t-test. Nonparametric variables were compared by using the Mann-Whitney test.

The normal lung function group was also compared with the persistent obstructive lung disease and PRISm subgroups by using ANOVA. For cases in which there were significant differences between groups, the Bonferroni test or Dunnett's test was used for multiple comparisons in order to determine which groups differed from one another.

To determine the predictors of impaired lung function, the ORs for having abnormal lung function (including persistent obstructive lung disease and PRISm) were calculated for the following subgroups of patients: smokers and nonsmokers; patients with and without metabolic syndrome; obese and nonobese patients; patients under and over 65 years of age; patients with and without hypertension; patients with and without diabetes; and patients with and without obstructive coronary lesions. To determine the factors influencing the presence of abnormal lung function, forward stepwise logistic regression analysis was performed, all of the variables showing p \< 0.20 in the comparison between patients with normal lung function and those with abnormal lung function being included in the initial model. To detect a 25% difference in the prevalence of obstructive coronary lesions between the normal lung function and abnormal lung function groups, with a power of 80% and a type I error of 0.05, the required sample size was calculated to be 50 per group.

RESULTS
=======

Between April of 2011 and December of 2013, 381 patients were invited to participate in the study. Of those, 66 declined to participate, 86 had previously undergone revascularization, 11 were unable to perform spirometry, and 13 were excluded because of a history of myocardial infarction, angina, or decompensated heart failure.

A total of 205 patients completed the study. Of those, 168 underwent coronary CT angiography for symptoms of heart disease, including chest pain and dyspnea. Of the 205 patients who completed the study, 147 (72%) had normal lung function and 58 (28%) had abnormal lung function. Of those, 23 had persistent obstructive lung disease and 35 had PRISm. [Figure 1](#f1){ref-type="fig"} shows a flow chart of the sample selection process. The CAC score was calculated for all 205 study participants. A total of 188 patients underwent coronary CT angiography and CAC scoringe.

Figure 1Patient recruitment flow chart. PRISm: preserved ratio impaired spirometry.

Of the 35 patients with PRISm, 30 had mild spirometric abnormalities, 2 had moderate spirometric abnormalities, and 3 had severe spirometric abnormalities. Of the 23 patients with persistent obstructive lung disease, 19 had mild spirometric abnormalities, 2 had moderate spirometric abnormalities, and 2 had severe spirometric abnormalities.[@B26]

[Figure 2](#f2){ref-type="fig"} shows the proportions of patients with normal lung function and abnormal lung function (the latter including those with persistent obstructive lung disease and those with PRISm) in the study sample. There were significant differences between the normal lung function and abnormal lung function groups in terms of the proportions of smokers and nonsmokers, and the proportions of elderly and nonelderly patients (p \< 0.01). However, there were no significant differences between the two groups regarding the proportions of patients with and without metabolic syndrome (p = 0.17).

Figure 2Proportions of patients in each subgroup. Note significant differences between the proportions of smokers and never smokers; elderly and nonelderly patients; and patients with and without coronary lesions. Despite an increased proportion of patients with metabolic syndrome among those with abnormal lung function, the difference in proportions between patients with and without metabolic syndrome was not significant. PRISm: preserved ratio impaired spirometry; POLD: persistent obstructive lung disease; and NLF: normal lung function. Values of p represent the differences in proportions of patients among the subgroups, as assessed by the chi-square test.

Of the 188 patients who underwent coronary CT angiography, 142 were found to have no coronary obstruction and 46 were found to have some degree of CAD. There were significant differences between the subgroups of patients with and without coronary obstruction regarding spirometric patterns (p = 0.04; [Figure 2](#f2){ref-type="fig"}).

All groups were compared in terms of their major characteristics ([Table 1](#t1){ref-type="table"}). They were all found to be similar in terms of sex, weight, height, body mass index (BMI), metabolic syndrome, and hip circumference.

Patients with abnormal lung function were found to be older than those with normal lung function (p \< 0.01). In addition, the proportions of smokers and former smokers were higher among the patients with abnormal lung function than among those with normal lung function, as were the proportions of patients with a history of pulmonary disease and increased waist-to-hip ratio (p \< 0.01 for all). Abdominal circumference was found to be significantly higher in the abnormal lung function group and in the PRISm subgroup than in the normal lung function group (p = 0.03), although not in the persistent obstructive lung disease subgroup.

Table 1Demographic, clinical, and functional characteristics of the study sample.^a^CharacteristicNormal lung functionAbnormal lung functionPreserved ratio impaired spirometryPersistent obstructive lung diseaseSex, M/F80/6733/2522/1311/12Age, years58.40 ± 9.0564.50 ± 9.80\*64.15 ± 10.16\*64.96 ± 9.50\*Weight, kg76.64 ± 15.0980.18 ± 16.8083.84 ± 17.7675.36 ± 14.37Height, m1.65 ± 0.101.66 ± 0.101.67 ± 0.101.65 ± 0.10BMI, kg/m^2^28.11 ± 4.6628.83 ± 5.0729.73 ± 5.0327.64 ± 4.98Smoking status (Smoker/Former smoker/Nonsmoker)14/57/766/38/14\*1/25/9\*5/13/5\*Metabolic syndrome, yes/no63/8331/2721/1410/13Pulmonary disease, yes/no7/14011/47\*8/27\*3/20\*Abdominal circumference, cm100.2 ± 12.4107.4 ± 12.8\*110.8 ± 11.2\*105.0 ± 14.1Hip circumference, cm105.9 ± 10.7105.0 ± 8.8106.6 ± 9.0104.3 ± 9.2Waist-to-hip ratio0.94 ± 0.081.02 ± 0.07\*1.04 ± 0.08\*1.0 ± 0.07\*FVC, L3.59 ± 0.902.85 ± 0.81\*2.72 ± 0.73\*3.01 ± 0.89\*FVC, % predicted97.50 ± 12.9476.8 ± 14.74\*69.66 ± 8.46\*85.96 ± 16.10\*FEV~1~, L2.88 ± 0.672.12 ± 0.60\*2.20 ± 0.56\*2.03 ± 0.65\*FEV~1~, % predicted99.20 ± 13.4073.75 ± 14.94\*72.53 ± 10.14\*73.32 ± 19.58\*FEV~1~/FVC, %80.70 ± 0.0575.20 ± 0.10\*81.19 ± 0.06\*67.72 ± 0.11\*CAC score^b^1 (0-86)36 (0-379)\*55 (0-461)\*3 (0-166)Coronary obstruction, yes/no27/10619/36\*12/20\*7/16[^1]

Of the sample as a whole, 94 (45.8%) had a CAC score of zero. In addition, 9.8% were found to have mild CAC, whereas 44.4% were found to have moderate or severe CAC. The median CAC score for the normal lung function group was 1, being significantly lower than those for the abnormal lung function and PRISm groups (36 and 55, respectively; p \< 0.05; [Figure 3](#f3){ref-type="fig"}). This difference remained significant even after adjustment for age, BMI, smoking, and metabolic syndrome (p = 0.04).

Figure 3Median dispersion of the coronary artery calcium (CAC) score for patients with normal lung function (NLF) and abnormal lung function (ALF). In A, comparison between the NLF and ALF groups. In B, comparison between the NLF group and the persistent obstructive lung disease (POLD) and preserved ratio impaired spirometry (PRISm) subgroups. The Kruskal-Wallis test showed significant differences among the three groups. \*p \< 0.05 vs. the NLF group.

The Duke CAD severity index, which reflects the severity of obstruction and the number of diseased vessels, was calculated.[@B21] Of the sample as a whole, 118 had a Duke CAD severity index of zero. The median Duke CAD severity index for the normal lung function group was 15, being significantly lower than that for the abnormal lung function group (i.e., 27; p \< 0.01).

The prevalence of chronic respiratory disease was found to be higher in the abnormal lung function group than in the normal lung function group (p \< 0.001). In the group of patients with abnormal lung function, 11 had a previous diagnosis of chronic pulmonary disease, and 6 were receiving treatment for it. In the group of patients with normal lung function, 7 had a history of chronic pulmonary disease, and only 1 took medication regularly. No differences were found between the abnormal lung function and normal lung function groups regarding the frequency of symptoms ([Figure 4](#f4){ref-type="fig"}). In addition, no differences were found between the two groups regarding the severity of dyspnea, as assessed by the modified Medical Research Council scale (p = 0.81). Dyspnea was not significant as a predictor of abnormal lung function.

Figure 4Proportions of patients with respiratory symptoms (cough, chest pain, and dyspnea) in the normal lung function (NLF) and abnormal lung function (ALF) groups. There were no significant differences in symptom frequency between the two groups.

In order to determine the variables associated with abnormal lung function, we calculated the ORs for presenting with spirometric abnormalities ([Table 2](#t2){ref-type="table"}). Being a smoker was associated with the highest OR for abnormal lung function, followed by being over 65 years of age and having obstructive coronary lesions. Logistic regression controlling for sex, age, BMI, smoking, obstructive coronary lesions, metabolic syndrome, hypertension, and diabetes mellitus showed that smoking and age were factors independently associated with abnormal lung function.

Table 2Crude odds ratios for abnormal spirometry.VariableOR95% CIpSmoking3.211.62-6.360.0009Age \> 65 years3.181.69-6.010.0004Obstructive coronary lesions2.071.03-4.160.04Metabolic syndrome1.380.74-2.570.29Obesity0.790.40-1.590.51Hypertension0.910.57-1.430.75Diabetes0.970.53-1.770.92

DISCUSSION
==========

The present study included 205 patients undergoing cardiac CT for CAD screening. None of the participants had previously been diagnosed with cardiovascular disease. Although this patient profile is common in clinical practice, such patients constitute an understudied population. This population was chosen precisely because it is a real-life sample of patients commonly encountered by internists, cardiologists, and pulmonologists. Our finding of abnormal spirometry in 28% of the study participants demonstrates that lung function abnormalities and respiratory disease are often neglected and underdiagnosed in patients screened for cardiac conditions or symptoms.

The 2011 American Board of Internal Medicine Foundation initiative known as Choosing Wisely was introduced in order to alert physicians to excessive testing in many clinical situations, including CAD.[@B28] In our study population, most of the patients had negative cardiac CT findings, which are indicative of excessive testing. In contrast, spirometry is underused, even in patients with respiratory symptoms.[@B29]

The prevalence of spirometric abnormalities in the present study was highest in smokers (current and former), elderly patients, and patients with CAD, having ranged from 38% to 45%. This finding is consistent with those of a study evaluating CAC in smokers who were at an increased risk for lung cancer but had no previous cardiovascular disease.[@B30]

In elderly individuals, cardiac patients, and smokers, pulmonary function assessment is usually delayed. Symptoms are underestimated, being attributed to old age, exposure to cigarettes, or cardiovascular disease.[@B31] The high prevalence of spirometric abnormalities in these subgroups reinforces the importance of a simple, inexpensive test to the clinical management of patients suspected of having CAD.

The prevalence and severity of obstructive coronary lesions (as assessed by the CAC score and the Duke CAD severity index) were higher in the abnormal lung function group than in the normal lung function group. These results can be attributed to the subgroup of patients with PRISm.

Of the sample as a whole, 17.2% had PRISm. Previous epidemiological studies have shown that the prevalence of PRISm is 5.1% in the general population and 12.3% in smokers.[@B32] ^,^ [@B33] Mean FVC in the subgroup of PRISm patients in the present study was \< 70% predicted, constituting a significant abnormality from a functional point of view. PRISm is classically associated with interstitial lung disease, neuromuscular disease, obesity, and metabolic syndrome.[@B34] ^,^ [@B35] Reduced FVC on spirometry has been associated with increased mortality.[@B36] In the present study, mean CAC scores were highest in the PRISm subgroup, indicating increased atherosclerosis.

Recent epidemiological studies have attempted to characterize and understand PRISm, and three different clusters have been identified. The first is associated with reduced TLC; the second is related to metabolic disorders; and the third is quite similar to the clinical presentation of COPD.[@B32] Dyspnea, poorer performance on the six-minute walk test, emphysema, bronchial thickening, and reduced TLC have been identified as predictors of PRISm.[@B25]

Morbidity and dyspnea have been found to be higher in patients with PRISm than in controls with normal spirometry. Although PRISm has yet to be adequately studied, it is known to increase morbidity and worsen prognosis. Its relationship with respiratory and metabolic diseases can make it an important risk marker in the near future.[@B37] ^,^ [@B38]

Of the patients who were found to have abnormal lung function in the present study, 23 (11.2%) had persistent obstructive lung disease. This is consistent with the reported prevalence of persistent obstructive lung disease in the general population in the city of São Paulo.[@B33] In the present study, airway obstruction was found to be most common in smokers, elderly individuals, and patients with metabolic syndrome. Such patients appear to be at increased risk and therefore constitute a population in which active case finding of and screening for COPD appear to be most effective.

In the present study, symptoms did not predict spirometric abnormalities. This finding supports the idea that pulmonary function changes precede symptoms in respiratory diseases.[@B39] In addition, the fact that few of our patients had a previous diagnosis of pulmonary disease shows that pulmonary diseases are underdiagnosed in patients suspected of having cardiovascular disease. The respiratory health screening of asymptomatic patients undergoing screening for heart disease can provide valuable information.

The present study has some limitations. Because of the cross-sectional nature of the study, no causality can be established. However, the relationship between pulmonary and cardiovascular disease exists and amplifies the damaging effects of aging, smoking, and other risk factors on the respiratory and cardiovascular systems. Another limitation is that a definitive diagnosis of PRISm cannot be accurately made by spirometry alone, TLC measurement therefore being required.

In conclusion, patients screened for CAD are at an increased risk for lung function impairment, the likelihood of which is higher when the presence of CAD is confirmed. The management of patients with concomitant cardiovascular and pulmonary disease is complex. The high prevalence of lung function abnormalities in patients undergoing cardiac CT for CAD screening and the association between increased atherosclerosis (as assessed by the CAC score) and respiratory disease reinforce the importance of screening for lung disease in patients suspected of having heart disease. Spirometry is encouraged in such patients, and studies evaluating its cost-effectiveness and impact on clinical management are needed.
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[^1]: CAC: coronary artery calcium. ^a^Data expressed as mean ± SD, except where otherwise indicated. ^b^Data expressed as median (interquartile range). \*p \< 0.05 vs. the normal lung function group.
